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, OBJECT 

I 

'f 

rjo determine whether or not red liBht is bet ter than 
tota darkness in accelerating dark adaptation. 

SUMMARY 

. It has been reported tha t t ~e light ad apted eye ad r.:: ~~ 
to darkness more quickly if exposed to a red visual field of 
about 0.3 mi llilamberts intensity than if left in complete 
d rkness for the same period of time. The thre sholds at the 
.n(t of t went -r minutes exposure to red light followed by · 

f fteen minu·~1s of 'darkness were reported to be lower than 
after t he ean.e total period in qarknesa without red light 
expos ure. , The present studies do not confirm thi s .st atement. 

Iri our e~periments light adapted subjects were inter­
mittently exposed to red visual fields at three low intr ~s ity 
levels ~nd their thresholds recorded after each exposure. 

' 
' 1Light adapted subjects were also exposed for twenty min-

ute s td a red visual field of 0.3 millilrunberts intensity 
followed by threshold measurements. 

·· 1Control tests in complete darkness run under i den tical 
oonditi~ns were ·paired with the red light exposure tests. 

CONCLUSION 

1 No measurable - accelerating action was found to re sul t 
• from exposure to red light. Thresholds obt ained after red 
light e:xposure, are on the average higher than, or equal to, 
the corresponding thresholds following exposure to complete 
darkness. 
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INTitODUCTION 

Wight lnnding operotions nnd bombing operntiona. look­
out duty OJ\ ships and night fighting h~ve emphnaized tho 
importl\Dco of oxnot intormntion concerning night vision. Individuols ongnged in thoso operations ·mu.st be able to soo 
under verJ dim lighting 001,ditions, i.e., they must hnve ' low terminal thresholds of light ll?ld form porooptian, nnd 
lll\lst recover rnpidly a.fter exposure to lighted lnstrumonts, mo.pa, eto. 

The humon oye con ndcpt itself to see deto.ils through-• out 1a , tromondous fnngo of brightness. For exnmple, n pieoe 
of' ,whi t t: l)nper illurninnt~d by direct sunlight mny huve o. 
brightnoss ns high ns 5,000 to 8,000 mi llilnmberts, wherens r eading. m y be com.fortnbly porfonned within tho , brightnoas 
r nnge of S t o ' 200 millilntnber:ts. FUrthonnore on n dnrk 

•ni ght nn objdCt cnn bo s een by ct koon obs erver if it hns '1 
brightne s of only 0.000005 mi 11ilo.mbetts. Very l nrgo dotnU cn.n be aeon agninst a bnckground nt ~ sanewhnt hiihor level, ~ ·•~ ' ;· s o.y 0. 00001 mil'ii l ruribe rts. If t he eye, o.dnpted to soo nt 

, t ho hi ghor brightness , ~s plun~od into cw.rkness, objects • • t t ho l ov1oet bri l'·htnos s lovols wi ll be invisible until one­
hulr hour or more hns. e·l nps bd. The course of do.rk ndnptnt i on mny bo r oi l owod by· dotermining t he minimnl perceptible bright-nes s nt cuiy i nst nnt ; under oonstnnt oonditiona or fixnti~ : , : c.nd t est fi ol4 ~r e~ (8), • , ~ 

.( • 'i • , • • ... ) f: • • • ,a •' • ~,, i • , 

, , • . • 1 The 'htunon 'eyo is _pop tlo.tod b two kinds of sonae endings, I 
·, tho z:ods ond pono ~, whi.ch h .ve very different cho.rncteristics ·'1 ·' .' (4, .5, 11, 1.2h .The cones detect color difforenoo (6) nnd aeo . ; ., ·:., . f.11 e tletnil ( 7'4, 13), but nrd insons iti vo in tho lower bright• ' ness r~pgos. Tho rods bogin to function bol~ 0.1 mill1-

' l n.mb'er _ts. \ hey do not. detect· color diffe~·~ncea nnd oan • 
otily reaolvo largo detnil. 'Night vision thus depends on the rods • . 

•. J Boo s e ot the displaoeroo nt t ownrda tho violet ond of 
t ho s pectrum ot the rod luminosity curve r olntivo t o the 
cono luminosity curvo, rud light has much less effoct on the 
rods thnn "hito light cf equa l phot ometric• intensity (3,9,lO). ( S a Fig. 1). Thia nls o 100c1.p s thr.t ·the -prooos a of dnrk ndnpt ntion i e l oss disturbed by red light t hnn by white ·: • light'., On .the other hnnd, .tnske such . ns r o.ndin~, which 
\ls e . (ine vis ion., onn bo .performed 'i1 ii .' ro n<fily under the red 
li ght ~e under whlto light , of .equnl photometric intoneity (l,S,4.15,16). . . 1 

• By aetinition; phofom~tri
0

0 unit·• aro bt\Sed ~n the cono 
luniino1ity ourv-e • 
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It baa -been r opo'rt d
01

r ' c nt ly _by Brit ish 1nv ~t ,( 

nnd );,y Milos ( )' t hnt r od 11-1 ht h!'l. an o. ce tin on. 

the r nte or durlc o.clapt nti on . , T rmint1 l h.rosh0l do e r "> 

ro orte4 o& boing l o~ 'l r ntte r r ed 'ligh expos ro them 

the so.me pedo~ in compl et e do.r knes s . This . e1lrs t o con-, 

tliot with proset?,t cuncepts r ognrding tho visun l proco s u:id 

auggosta n "apeoifiott nctioQ of rod light, 

• i " .. ... 

The pr~sent investigation wo.8 unde rtaken to •iete i·mine 

whether it 1s n )cessary to {liodify our concepts . Mi litary 

praotioe regarcing night vision is b as ed on prevai l ing on­
cept ~ and may .1eeii revision should t his new concept prove 

correct. 

DESCRIPTION OF APPARATUS AHO ' JE:l' f! Ol)S OF m4sunE'J'Et, 

Experimental r oom.- The r oom i n which the s ub,jeots wai t 
to be te,sted 'contains the dark o.daptom ter anr:1 e:xptir5mon ta1 

booth. I t is Uluminated enq r e l y by nrtificial li ght fro 

ceiling and desk units • . 
0

'l'hi & i llumina i on is not u iform 
due to vi s ible lighting units , i f f erencq3 i n col or und re ­

fleotanoes of wnlls, oei li ng, , and fi xl.ur cs • 

The, ceiling , uni ts of th i s_ r oom havo a surfa ce r i r,htne:i s 
of about 620 ·mp lilamberts whil e som of t he bl nck aur1'LLC'3:J of 

the odaptom~ter present n br i ghtne s undu r 0 . 15 milli l a.b~rt v. 
Hence a epooifioution of t he li ghtinc; 0011 i t i ons \1ou l ba 

impossible. 

Experimental booth.- '!'he experiment 1 booth extcm rls into 

the lahoratory rQom from an alcov' • Thiit a l e V ha bveI 

walled off and is light proof ~ ut wel l nt ileted. The 

alcove end ·of the booth is painted black ., Whi l o boinrr, tostc 

the subject sits in this section of .the booth it h his chin 

on a chi it rest;, his right hand, oontrols l thv br i g,htnes s of 

tho ndapt omet qr tost field !lPd the l e f~. hand o. si V1n l b tt 1n . 

r ' 
A window immediately in front .of the aubjoct p~r mits hi r 

to look i nt o tho front soction of tho booth. He can al so 

reach into this section and turn ~ha pa~e~ of a book or 
magazine on a r eading atand just beyond the winqo • , 

• , • 1., ~ 

Tho front section of tho b·ooth which cont ains tho t t 

field is painted whito. It oan be lighted by moans of 10 I 
, ruby safoty lamps locatod ' nea.r the top of tho bo~th , ·5 n lon ,, · 

oaoh sido nnd bafflod· in ,uch fflaJ:\llOr as ta givo n uni orm 
brightnoes to all pnrts of tho front sectiog or t hu booth. 
Tho front sootion onn also bo lighted by o. white 200 wntt 

tungston lamp. This illumination ' is gront e r on tho ron<U11g 

stand than olsowhoro by n ratio ·of 2 to 1. ' 

- s -
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' . ilnrk1i~O.E~Oao~.- Tho fi o.tion pnttern whtoh oonsiats 
of 5 smn r e ots formihg a 2 !nch oenterod squ11ro itJ 
:looatod ogo.lnst the front wnil of the booth. 

• The tost f i eld is vor~icnlly bolow the fixation point. 

-. 
' 

The dimens~ons of the test oqui ·omcnt o.ro ns follows: 

Tes t f ield to s~b joct - 52 inchas 
Teat f ield dicunoter 2 3/4 inches• 3° 2' 
Fixo.tion point to test 
•field - s½ inches ,. 6° 2.' 

Tho tost fi eld is nn opnl gl ~. ss plo.t o illumi. no.t ed 'Jy o 
' ph tocoll exciter lrunp rntud nt 10 volts, 7.5 runpcros but 
. opor nto d nt 6. 95 amporos. Tho source is il1Ybllt • SO inohos 
behind tho -screen. , The light from this s ource i s interrupted 

' continuously by n IJ.eotor disk hnving seven soctors which give 
. oq nl light a.n.d dnrk phnsds. This diek i,s mounted on the 

• ·: .1 • • shaft o~ the ruduct ion gcnr_ of n synchronous motor, motor 
speed 1800 R.P.M., r:oduction gonr ·200 to 1. 

. Tho .brightness is controlled by n utrnl glaso filto rs 
t o.nd viodge;· Tho eub joot hn:1 o. knob r.t his rl~t hnnct by 

,.. , mGo.ns of which he ·cht•.,ngos tho wedge position. 

~dgo and filters nre cnlibrntod for 
• J --------', •. • .. : denc,i:ty by . onns of n Bttuach r4nd Lomb pola.ridr:ig photor.1etor. 

Tho uppe r brightnes'-, or tho toat field is about O 3 mi 111-
, . '. l nm' orts without neutral f lt ars', as mensured with _a. ~fo.cbeth • J I 

. · 11~~ rtomoter. Tho lower oporrtin~ brightnas sos nre cnl-

1 
. culntcd from t.hh t i g1,1r~ nud the densities of tho wodgo 

•• ~ •· nnd fil to~s . • •. • • • 
, ~- .. ~ 
\,' 

!: .' • '. ·· . :,_ oth >,ri1;htno:urns aro moMured with o. Hncboth illwnino-
f •t ••. ' ·t».et er . . ., • filter whose tr,:,.nsmhoion 1s knovm for the 

' 

• • < colo r .t om~ t t ture of . the \h oboth working lamp permit ■ measure• 
~ ..• :;· mont 1f rod light brichtr10sa . ' ' 

; 

Toohniqua of' tost i..!!B_•• Th•J do.rk o.dnptlltion meo.surements 
~r o t nkon with tho subjuct sented in t he ronr booth, chin on 
ohin rest. 

Tho oporntor signnls to tho subject by monns of n boll 
o.t about 5 seconds before tho minute n.nd hn lf minuto. Tho 
aub je'ot then fixa.t os the ocmtor dot of tho fi xntion pnttorn 
nnd turns hh b r ic;htness control until the t est f ie ld is 
b r oly visiblo , Ho signnls t ho opor l'.t or who rocords tho 
wodgo rending . _ Tho subjoct then increo. es tho brightnesa 
of tho , tost fi old to ~scrnmbli," t l.e sot tin~ lmd turns down 
'tho brightness control until ho onn no longor see tho test 

\ 
l 
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t1eld. ?h1J wodge 1otttng i~ ~th ~ ·rocordo ~ ~ho wh9lo procaduro r~quire~ l est . 1lha.n O soc onds . The . o w e rondinge ( jl!St visible nnd just out) H:1.re nvoro.god tm t h menn vnluo trnnsiuted ir.to log I unit s ' (I· is i n micr - 1 microlamberts) by lllflOJla of n t nblo proviously pr po.rod. • Mensurom6nts nro t nken every 1/2 minuto while t ostin . Tho subject ro lnxos bet weon ench sot ·of rending• in ord r to a.void f lltiguo. , , . .. . 

.. .. . 
Subjocto.- Tho subjects used in thi s~ st ore trninod corpsmen ,furnished by tho Nnval Madfcul ·R Jenroh Instituto, the principnl inveotigo.tor, .dosigno.t od n~ Lo in th t bles o.nd o.n nssisto.nt Fi. 

.,. 
EXPERIMEUTAL RESULTS 

SERI'€S I. 
' ,, .. 

Intermittent exposures t o rod li ,·ht .- Bxposurc11 to red light viero lllllda o.t sev r 1 br i e;htn~s. Thes e.: u ·po:rn rt.i were intorruptod poriodic1..lly in or dor to \ rr.eo.suro th d .1 rk o.do.pt tion thresholds. Control t ests nlte r no.t od wit ox-­posure t eats. 

Plnn of ~ests, 

' . .., . 
Cont r ol Tosts 

Durnti~n 
{min.) Tests with Red Light Exposur· 

- ,r. -------------10 or 
16 

Time 
0 

0-10 
10-15 

16-20 
20-25 

26-30 
30-36 

more Under 'room illuraino.tion ,. Und r r oo • i 11 i noti on Enter booth wi-i;h. 44 m, • . J , • Ent r booth w th 44 f", l. (whi ta) on reading ·stand (whit e ) on re i 11 st o.n (min.) Stop wnteh ·sto.rted • • Stop ¥nt ch stnrtod Whito light offs red • White l ight off light on , , ' 
Red light :• Darkness , Thro~hold meaaur~d every. ; Threshol d mcns urod vory ½ minute in darkness ½ minute in dc rkness Rod light 

1 Dnrknoss , Threshold measure~ ev,ry Threshol d mo sured evor1 
-l mi nuto in darkneaa i minute in ditrknoss Red light Dnrknesa . _. • • Threshold meas~rQd evory Threshold me~sur d ev~ y ½ minute in dnrknesa . t minute in <l r es ' 

' . Treo.tmont of dntn.- ~a.oh fubjoot•s moan performo.no during ~ho control iosts hns.·been aubtrnotod from his monn porformo.nco during the rod ·oxpoeure tests no~ thoso dif­forences tubulnted, i.e. tqg· I (r~d) nunus Log I (cont rol) whero I is tpe intensity in aj.oro-miorolrunberts. Th9 menn differences for the group nro tnbuintod in ,ho lnst _o~lumn of each tnblo. 

5 -
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Tlble 1.- Four subjeota woro expoeod to red light nt 0.81 ml111lrunberts •. Enoh subject rooeivod two rod exposure ' tests o.nd two control tosts. 
' ) 

Figure 2.- The original <io.tn from which Tnble I wns constructed ho.ve beon nvoro.god o.nd are plottod in Figure' 2. Thi s fi 6uro wi 11 ena.blo tho rendor to visut.lize the ro lntion­shi~ . betwoon the tnblos ru,d tho originnl dntn. The lnst oolumn ot 'i' nb lo I mny be obto.ined by subtracting ordinnte TO.lues on tho lowor ourvo of' Figuro 2 from the Correitponding . vnlues on tho -upper ourvo or thnt figure. 

To.ble II .- Four subjects ,,ore oxposed t o rod light o.t 0.28 millilo.rnborts. Scoh subjeot rocoivod four red exposure t sts o.nd four control tests. 

Table III.- Four eubjeots were exposed to. n red light of very. low intonoity (below rnuge of Mncboth illuminometor} . , ' est imnt od to be about 0.001 m1111lo.mberts. Ea.oh subject 
• t r eo1ilivod six red exposure tosts o.nd six control tests. 

SERIES II. 
... 

Continuous e~· posure t o r od_ light. of O. 3 mil 11 lrunb erts i nt o!:_itr , - Exposures to rod light were mo.dent a singlp 1 

br i ghtn s a of 0.3 millil runberts . Control tosts tilternated wt_ h ox:posurc ,t b'ots . • 

'., ' 
Plnn of t estn, 

Dur ntion 
(mi n.) . 

. 10 or more 

) 

Tos ta with Rod Light E·cposv,·_r_o ____ C_o_n_t_r_o_l_~ 

' 15 Under room illuminntion · ·under room il um.inntion , 'Ent or bc 0th wtth 6.9 (,vhite) Enter booth with 6.9 

T , mo 
0 
0-20 

Z0-40 

•millilamborts on rending {white) millilnmb~rt ~ stand I on ~anding stand (min;) Stop wntch stnrc;13 d St op wntch sturted 
White light off; r ed on , ihito light off Rod light o. 3 ml. Dun1lcess 

, ' Thresholds moc.aured ev3ry Thr sholds mcns1Jrod ½ minute in darkness ovory ½ minuto in 
dnrknoss 

Trent ment of datn.- Bruno us ih Serlos I. 

Tnblo IV.- Six sub Jo ets wero exp osed to rod light nt o.s 171.ill lwnborts. Ench aubjeot reoeived three red expoaure tests and thrQo 'oontrols. 

• ' t ... 
~ ,., • • : (,I \; ... , ' -- ~ 
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Ptgur~/ a.t , 
1 h6 pr :itii' r~ . f 

' oonatruc , d havq.,).)i,o~ n.y.fJr fl. l . t 1~ 
,See 8flllano.~1on on ,pngo ~ .~t ~igu~ t . 

I 

" t ... : • I 

, DISCUSSION 1 • • . •• •: 1 1 . . . ~ " ',., •' ,,. · ' ; ~. 

l• ~:mrninnti;n · 9t 'l'o.l>ioa I nnd II ·sho~s co~clus i v ly 
tho.t expoauro t o a i:-od ~ight of tp.a s~ 1ntonsi tio~ .(o,et o.nd 
0.28 ml.) ro.is es the threshold nppr ooinbly n,b ve thi~t t o be· 
found in c omplet e dnrkness nt tho corres pon~ini? insto.ata. 
This ocoura who_neve r .the red li gt1t oxposu~~ ;s. i nt r oduced. 

' • j . . . 

2. Tho dnt n ot Tublo III wero obt'tinod f r or:i : red .li ght 
oxposuros nt tho cone throsl}old of light ~ rcoption . inny r· 
of tho diffe r ~noes o.ro .nego.tive ind~co.t ing that tho rod ex­
posure thresholds m r e lower tho.n tho oorrespondi n control 
thresholds. Tho mngritudo~ o.re , howevor, insignificant 
and the differ enoE1s ore nndoubtedly due t ohi~noe . 

'"" " • I • 

, ,t ., .,. r .,,, \ 

3. The dnto. ·or Tnblo IV w ru obtr;iinod undor condi t • ons 
ohosen in order to duplioo.to the Britisl) oxperi nts . It. 
is ago.in evidont thut r ed +'gh~ delo.ys · the · rpooveri of dark 
nd.nptntion. ' ' • • : 

4. No bo.sia hns been ' f oWld f or tho be l ief thut r~d 
light haet~ns the rooovory of.°durk o.do.ptntion . ' Th videno 
presonted . hore confirms ti}e gon~rnlly nooeptod hypothosi , 1 

oo»oerning tho nQtion of red iight on dark ndnpt~tion as 
explained in the introductiop to thi~' pnp?r• 

• i; I ~ • ~ • ' 

> · ' I t' ,• ; , I t , ,' ! , ,,• , 
. . . ~ ,.... ~ . ., " ,.( 

AcKNowtEooMmrs .;; ~ .1 ·; , '.· • , .. '1 -,.. 

• ,,, • ~ f • ~ ~ ..... ,. (' .. f ' ~ I ,.l l \!'I t 
" . ,, ~ -:· \ 

V'{e wish to ·a.okn01'1ledgo our ·indebtedness ·to the Di vi si 
.o{ Induatrinl Izygione, Nntionnl tnstiti.lt'e . of fleal tn , a. S. • 

• Public Ho!llth Sorvioe, wh9· ·~uppli.Qd t l'l~: ,sp~c~ · ·UQd ,quipm nt
1 

, 

used ln .1ihis st~dyJ Prinoipo.i J3iol.<?&~~~ • .Hnr ol~ ~. Blum, . , 1 

No.vo.l Medical R~soaroq. .lnstituteJ,J,i ~uteno.nt ? A~ P, •. obster ," • 
H-V(S), USNR, Reaeo.rc~ Section, 13,in~o.~ of Modf.oine' unq Surgery, 
for their many valuablo • suggestions, ~ci• t<( Soi~ntif~c • ~ida , 
Elizo.beth !,I. Finoh, Nationfll Institute ,of I;Ioo.ltn·. u . . s. •1 

Public rlealth Se~ice; o. A. Pounds, Phµ2c Q.qd M; A~ Pittmo.h , 
PhMlo, for their ndJrdnhtrnti on of .the tests · Q.nd n\ d \lfith 
the do.ta., as well ns their cooperntfon ns •Subj cts,; t ·o. J.~ T. , 

' \ 
Di.Angelo, PhM3o and c. A. Stevens, .PhM3o fot ' th9ir oo_of9 r Q. - , 1 

ti on cts subjects. ,• : < , , .. ·• ·,· 
. --~ ~ ... 
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Timo 
(min.) . Fi Pi Pei Wi 

10.5 
11.0 
11.5 
12.0 
12.6 
13.0 
13.5 
14.0 
14.5 

• 88 • 69 
• 39 .51 
.62 . • 55 
.56 .46 
.35 • 26 
.22 .28 

I .25 e50 
.19 • 21 
.36 .M 

.42 • 61 
;15 ,63 
.25 .34 
.13 • 29 
.06 • 28 
.03 • 31 
.06 .o~ 
.09 ,08 
.04 • • 10 

Rod Light or D04"kno11 

20.5 
21.0 
21.6 
22.0 
22.5 
23.0 
23. 5 
24.0 
24.5 

30.5 
.s1.o 
31,5 
32.0 
32.6 
3i.o 
33.5 
34.0 
M.5 

.65 

.38 

.26 

.M 

.26 

.i, 

.oz 

.so 
•. 20 

.68 
. • 32 

.27 

.49 

.34 
. • 38 
.:so· 
• 10 
• 28 

,66 . • 85 
.60 • 56 
.42 .43 
.. ss .24 
• 30 .ss 
. ·29 , .26 
, 25 • 31 
.25 .33 
.24 • .28 

.26 

.45 

.27 

.12 

.,25 . 
· .17 
.19 
.?.3 
.w 

.38 • 98 .ijl 

. ,37 ,81. · .;50 
,.40 • ,1 .13 
• 32 • li3 ,29 
• 38 . • 49 .25 
t23 .40 +.10 
.34 .61 -.10 
.sa ..-44 .o~ 
•. :so .4o .1s 

·' .. • j 

Remarks 

\.It: . • ' 

1'itne 1, rockoned. trqm :1 • • : 
t;ha J.natnnt tho t,hi to, . ..,J 
pron~npting ligh~ is i~i, 
turned off. " , . ;; " . . • 21 ' ... • ~ - . . . . . .. .• . . .10 • I!1 1 the r e~ 9xpo~ure tea} s , .· • lt· tlie 'su'b jao~ • i~ , tho rod ·, ' ; . • 

.•11 ' . ~Jgh,t. 'd~r1pg tne. f lJO.\"r • , .' ~, 
·, ing ,par ods, 1 1 1 . • • , ., f • ~ ' ,• l )t[ f, .. • • •' J .. ., • ' t I 1,~1 ; • • .. , ,, i , , I r • ~ f • ', '. I • , I ••.,, .. ·.. _, . . o. ro 10 minute11 · 1 • •,,r 

,60 • ._;- . . \ W-to 2P minu-tos . ;. ' •. , 1147 , ts ' to, ~0 minute._S ' • •l• • •5 ~-t:I • • • I~:, • ., • ·• I °"t • • 1 t I 

. ·~1 · ,, i ri ' thel control t ost~ 

.29- ' ." the \ aub~ ot . s~ta in 
·_.21 . , -~ntkpes~~-1during tho seµn • 

~-•}9 , 1(:~er.t~de,'~wH~o t , t aking , 
.28 .',·. tQndtngs. • :!;he nwnbc s 
, 26 . • '.' lii th~' pody. of rhe t,c.b~~ 

:!\re ·\h'3 d,ifforenoes be­
i~een· j;he, rod. exp93ure • ... • 
.i;e'~t .. fpndings .• and, ~ha c~n- , 

.SL ' ·trot: tDsi,,,.ro~dJngs ex.,. . ... : , .t6 _.: ·.q~ro~:sp~ i.n'; Jo.~. ~~_t s ,. ,•" .• : · ' \
1 35• . ~ . . . ,i~.. .r , , • ,L. • ' - • .. .. .. . f. \ ;t ('\it, •l" •• ' .41 . .., , , 'J • a ,.;, • f.: V' ' • { " , • ,•,, ' . 't· , , • 'II"" fl .31 ··,t\ ,._,:w~,~/ ~•1,\,~ • 28 1 k • ) I j1 • . ., ,"'i ., .. ,._ f \. 'J.~ 26 • ~· I ;; I • -~ •• C I, • I . . . ,; 

~24 . . 
.29 . 
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Tnb lo II 

Rol~tivo Effect on Dnrk Ado.ptntion of Rod Light of 0.28 
Millilamberta ns Comp~red with Totol Dnrknoss 

Log I (tlo'd) Lo15 I (Durkness) 

Time 
(min.) 

•,f 

Fi 

10.5 .61 
11.0 .41 

Pi 

~58 
.ss 
.18 ' 

Pv Wi 

:38 
.47 
• 24 11 . 5, ··; • I . 4; 

. •. 12.0 .. 41 , • 21 

.40 

.11 

.. n 

.31 

.27 

.22 

.25 
• 26 
.33 

• 25 
.20 
.10 
.14 
.04 
.15 

, 1:; . ,12.5 .M 
•1 ' is.o .19 

• 26 

~., I 1'1$.5 • -.31 
• 23 
.14 
.12 
.24 

~ .~ • 14.0 • .io , 
' I 14-.5.; • , • 10 

•~ ,. I 

Red· Light or Dnrknoss 

.;. • ·".20.s , .s1· .44 .1a .2 5 
2-1.0 • . 35. -.M .60 .18 
21.5 .16 .30 .54 ~12 
22.0 .. .~2 -. 1c .48 .01 

, r',22.6 -~ .oe .32 .23 
• 2T ~ • '.·.' .' qs -·.os •s o,'I • • o • V '· • u • :, 
£ 2:s .s • ,.oil ..... 04 ,21 ... os 

21.0' ,.• • .05 . • 19 : s2 • d 
24.~ ' , ; 21 .10 .40 ·~07 

. . - l ~ ., I• 

" •• ·: . nod l,i.gnt ar· On~kr!~ss 
j,,' l J. /► \. 

39.5''. .~2 • .sg .es .47 
• , Zl .O .;./ .38 ' .23 ·.11 .10 
,.:.' :n·.s. .2~ · .1s , . . G9 .01 . ' ~ .. . ' 

1 ' , , • 32 .Q 'e· . •.12 1 .-09 I .68 001 
32 . 5 .09 .16 .52 .03 
3:5.0 .06 .06 .48 .16 
33.5 .18 .16 .43 .17 
34.0 .20 .20 .49 .19 
34.5 .30 .15 .56 .26 .. 

.I . . \ 
. ' 

'fo:"'.n 

.51 
• 35 
. 31 
• 3.l 
.27 
.19 
.21 
.18 
• 21 

. 50 
• ~4 
.28 
.22 
.~8 
• ~?. 
.06 
~\4-
.19· 

.59 

.~6 
• ~g 
.20 
• 20 
.19 
.~4 
.27 
-~2 

Homnrks 

Timo :'.s rockonod from tho 
insti.nt tha white, pre­
udo._pc.ing lig11t is turned 
off _. 

In _the r_ed exposure toot s , 
t ho subject ~i ows tho rod 
light d~rinB tho f0llowing 
poriods ,. 

0 t ,) 10 minute s 
15 t o 21) minutes 
25 t -J ~O mi nutoa 

In tho control tosts , tho 
subject sits in dar~~os 
during ~he snmo peri ods , 
ui~hout tnki~g rondini s. 

The numbers in tho ~'> dy 
of the tnble nro tho dif­
feronoes between tho rad 
exposure test readings 
nnd the oontrol tost 
rendings oxprossod ~n log 
unit.a, ..: 
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• 1 , 

• 

/ 

, . 

. ' , • ,I l I Relatl•~ lt(,ot on Dtrk A.dapt tion qt R ., ig Veey tow Iptensity aa Compare d with 7'.~tal 
lArlcneu .. : • • 

tog I (Red) J Loi~ (Daliales~) 
Time 
(min.) Fi Le Po Pi 14ean 

10 . 5 
11.0 
11 . 5 
12.0 
12. 5 
13.0 
13.5 
l4.0 
14.5 

Red 

20. s 
21.0 
2r.5 
22.0 

• 22.s 
25.0 
23. 5 
24.0 
24,5 

.os -.03 -.03 .02 0 
,06 -.06 -.o·s . o5 - . 01 

-.04 -.10 -.08 -.04 -. 07 
-.04 -.02 -. 02 -.01 - .02 
-. 09 -.06 -.06 .04 -.04 
- • 04 - • 0 l • 02 . 02 0 

- -----------------
'l'ime ii rec1cono4 f ·om the 
instant -the white , · pre-: 

• ac;iaptin~ ·, li ght is tu~ned 
' Qff •. . .. r 

.16 . 04 -,10 -.03 , .02 Int e ,ied e~po~ure teats , .14 -.03 -,13 ' 0 -.01 tho aubject views he r ad ., .17 -. 04 -.17 •• 04 -.02 • ,. : lig t du.ring t ha following ~ ' .. ,. . 
Li {;ht or Dar kne15 • 

-.10 0 ,07 .12 .02 . 
-.06 -.07 .01 .06 -.02 
-.09 -.01 0 05 -.Ol 
-,02 ,04 .01 .05 .02 
,07 . ;04 0 . !04 ;02 
.1~ -.oa -, 06 -,03 -.01 .oa -.01 .04 -.o.s .0} 
.02 -.06 -.02 ~03 -.01 
.05 -.04 -.oa · ~.01 -.02 

p~ri ode 1 • f ' 

0 to 10 minute 
• • • • , 15 to • 20 minut s 

-s: • J i ~5 to
0

30 mlnutqo 
I 

~:, In 1the cont rol t ests , t he 
• sub ject sit in d rknass 

, ·i .: during the J o 
¥' :. without taki ng r e . .. ·, 

•' 

Red Li,ght or Darkness 

Then ers in th b y . 
of the tabl • 11re t h dif­
t ei·encos 'betwlle t .he r o 
exposurq t est r o ings . 
and th •,control tost 
r e-a.ding ·expresse in lo 
units, •.· ... - • 

50.5 .02 . .06 . . 10 -.01 • 04 31.0 .06 .03 • . os -.03 0 , :n.s .03 - .0:$ -.03 0 -.oi . 32 .0 0 -.05 u -.02 -.02 •• • 1°' J . I 1" 32.5 -.02 0 .01 .01 .p 33.0 .oa -.01 0 .04 .01 
• J; ( •• • ·, ' 

33.5 .10 -.07 :.01 -. 19 -.04 
34.0 .05 .04 -.04 -:1s -.02 '' ' . 
M.5 ,06 -. 02 -.07 .03 0 . ' . 

- 11 -



f,,. art , ... 

Time 

Table IV 

Relative Effect on Darl~ Ariaptat i on of Continuous 
Exposure for Twenty Minute s t o no d Light of 
0.3 Miliilamborts as Compared wi t h Total 

Darlmess 
·•. ·-.Log I (Red) - Log I (Darkness) 

(min.) Di Fi Le Pi Po ' St ·.1aan Remarks --------------- ·----
·20.s 

M .O 
34.5 
35.0 
36.5 
36.0 
36.5 
37.0 
57.5 
M.O 
38.5 
39.0 
39.6 
1 0.0 
10.s 

.78 .89 1.01 .59 .91 :11 . 13 2 

.63 .69 .81 .4$ .69 .56 . 13 4 • 

.62 .65 .63 .37 .83 .38 54 

.s1 .53 .54 .28 r57 .35 .48 
.68 .41 .43 .29 .so .29 .43 

' .44 .27 .36' .27 .43 • 26 • 34 
.28 .34 .26 .24 .57 .17 .31 
~.26 • 23 • 29 .-eo . se • 29 • :n 
.32 .24 . • 21 .15 .55 .~6 .31 
.36 .19 .24 .os . 49 .40 .29 
,, 35 .30 .23 .10 .53 .38 .31 

" . 

. 19 .21 .27 .16 .43 ,37 .27 

.23 .29 .28 · .23 . 4 3 . 2s .29 

.24 .29_ ,3S ,03 .43 ,45 .30 
.2i;·1·- ·22· • .33 .oa ~38 .43 .za 
.:n .26 •-'-.35 •• o4 .sa ~2 e .2s 
~ > 

.M .18 !31 . , 06 .40 .14 .24 
• 02 1.24 .30 .13 ·.41 ,20 .22 
.03" . . • 13 . • 28 .• 13 .41 .24 .20 

.·•.05 u ~l6 .19.: .:U .24 . _17 .15 
.1$ . . 18 ,.22 ,' 0 . ,:~4~ .12 .18 
;21 .16 , .22 .09 .34 .16 .20 

17 .22 .11 .04 .39 .20 .19 
• 11 .11 • • 10 .10 • 30 • l!i • 16 
~02 ' .25 • .os .10 .39 . • 13 ,16 
.01 .04 · .oz ' .oa .38 .10 .12 
• 08 . 05 .11 ,01 . 37 .11 ,13 
.08 .1a . o9 .as .33 . 09 .14 
.13 .14 .19 -.05 . 25 .12 .13 
. 07 ~11 .07 -.01 .30 .11 .12 
.01 .15 .11 -.14 .~3 .11 .10 
.os .17 . 01 -.01 .56 .09 .12 
.10 . 22 .os -.os . 12 .o~ .11 
.01 .20 ,06 . 04 . 22 .01 ~09 
.01 .19 .01 -.09 ' .16 .02 .06 

-. 1 .14 .o9 -.oa .16 .06 .06 
-.08 .15 ' .16 -.10 .16 .08 .09 

,09 .05 -.• 14 -.01 .14 . • os .01 
.Oi .01 · .09 . . 11 .18 ,13 .11 

... 01 .94.· .13 .02 ·· ,17 .09 ,07 . 
.o'? .04· ·.'04 .2s .oa .oa 

' .. 

Time is reckoned 
from the instant the 
white , prendapting 
light is turned off. 

I 

In the rad exposure 
t ost s , the subject 
views the r ed light 
during the first 
twenty minutes • 

In t he control t ests 
·· the subject -e l ts in 

darknes s during the 
same period, without 
taking r eadings • 

'l'he nuroo ers in the 
body of the table 
are the differences 

·between the red ox­
. posure test roadings 
nnd the control t Lst 
roadin~s ~xpressod 
in log units . 
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The shaded area to the left indicates the sprectral r egion ·in w~iQ 
. . t • 

rods are relatively more sens itiva than the cones. ' : 
. ' ~ 

The shaded area to the right indicates the aprectro.l r~gion in \ hich t 
rods are r elative l y less sensitive · than the oonea. • . • ' ,; 

' •;. '. ·,· 

The ordinates are arbitrarily chosen to bring both max\a to · t he ~am 
valae, •• 

' , ~ ' 

If two lights of wavelength ,\ 1 and.A. 2 a·re or equal in~~msity Aas s n 
by the cones, the double ratio: • , ' , . • 

• ,~ , .. /, . ~ . 
' ~ Le (A2) ~ (\) 

---·- X ---- ia a measure or how 
1n (,\2) LC C\) ' • • : 

times brighter t he first li ght i s t han th<> second a■ aeen by t\lt J' , 
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